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Overview
Y Silatronix B

Timeline Barriers
* Project start date: 10/01/2015 <« Electrolyte development for
* Project end date: 09/30/2017 — High voltage stability
* Percent complete: 90% — Good thermal stability
Budget — Stable SEI layer to improve
cycle life

* Total project funding: $ 1,665 K
— DOE (Silatronix): $897 K Partners
— Contractor share: $333 K US Army Research Laboratory
— DOE (Subcontractor): S435K

* DOE (Silatronix) for FY16: S470 K

* DOE (Silatronix) for FY17: S427 K

Argonne National Laboratory



Objective and Relevance

Project Objective: Develop an electrolyte system stable at high voltage (> 5V)
to enable the development of high energy density Li-ion batteries required by
the automotive industry.

Relevance: This technology, if successful, will have a significant impact on the
enablement of high voltage cathode materials in Li-ion battery technology. In
turn, this will provide a significant pathway for the development of higher
energy density electrochemical storage devices, which is critical to expanding
the electrification of the US vehicle fleet.

Specific Technical Metrics:

e Oxidative Stability

* Breakdown voltage > 6 V (vs. Li/Li*)

* Parasitic current < 0.02 mA/cm? (at 6V and 50°C)
* High Voltage System Performance

* Initial capacity = carbonate control ( e.g. 5V LNMO system)
> 80% initial capacity remaining after 300 cycles at 2 55°C



Project Milestones

Milestones for FY2016:

- SilatroniE

Milestones and Go/No-Go Decision Milestone Verification Process Date Status
Baseline characterization: Oxidative breakdown | Linear scan voltammetry and cyclic
i X Nov. 2015 | Complete
of control electrolytes voltammetry at Silatronix
Verify struct d ity of LCP at
Characterize synthesized LCP AIiT y structure and purity 0 ° Jan. 2016 | Complete
Ch terizati f2-3 HV OS Purity (>98% d H,0 (<20 t
aracteriza .|o.no new 'UI’I y(. 6) and H,O (<20ppm) a Apr. 2016 | Complete
solvents/additives Silatronix
Go/No-Go Decision: Feasibility of HV Linear scan voltammetry (> 6V);
performance demonstrated in ref. cells through | Parasitic current 4.5-6.5V at 50°C Jun. 2016 | Complete
determination of oxidative breakdown (<0.02 mAh/cm? at 6V) at Silatronix
NMR verification of structures (4-6
New HV OS solvents /additives synthesized ) ver! I I uctures (4-6) Aug. 2016 | Complete
at Silatronix
New HV co-solvents /additives synthesized 4-6 compounds prepared at ARL Sep. 2016 | Complete
Electrochemical evaluation, analysis, and CV, EIS, leakage current in half-cells Sep. 2016 | Complete

diagnosis of new materials

at Silatronix




Project Milestones
e Silatronix &

Milestones for FY2017:

Milestones and Go/No-Go Decision Milestone Verification Process Date Status

C tibilit i ith cathode half 30°C cycli d iti t (4.5-
ompatibility screening with cathode ha cycling and parasitic current ( Nov. 2016 | Complete

cells (LMNO/Li) 5.3V) at Silatronix
Manufact Itil h cells for | 32 LMNO hit Itil h

anufac ure.mu ilayer pouch cells for large /graphite multilayer pouc Dec.2016 | Complete
pouch cell builds cells manufactured at ANL

4 top formulations;

cycle stability (capacity loss %, mAh/g), Jun. 2017
pouch swelling (thickness %, mm) at '

Performance Testing of Final Pouch Cell
Build: Cycle stability at 30°C and 55°C, Pouch
swelling at 30°C complete

In Progress

ANL
Observed results extrapolated to DOE Analysis of data, extrapolate to
v WS extrap yo! , EXtrap , , Jun. 2017 | In Progress
roadmap Roadmap electrodes at Silatronix




Approach and Strategy

Silatronix and ARL are synthesizing new materials based upon rational molecular design
to achieve the superior oxidative stability required for HV applications.

The fundamental electrochemical behavior of these materials is studied in reference cells
to determine the oxidative breakdown voltage and mechanism of breakdown to produce
a library of materials with superior fundamental oxidative stability for evaluation.

The performance and safety of the new HV solvents and additives in formulated
electrolytes are evaluated with the HV cathodes (5V LNMO) provided by ANL.

Limited surface analysis is conducted after cycling to identify underlying mechanisms of
degradation (i.e., surface film formation, metal dissolution, cathode morphology
changes).

Differential scanning calorimetry (DSC) is conducted on de-lithiated cathode material to
understand the safety impact of the new HV materials.

Solvation studies, using ESI-MS and NMR spectroscopy methods, are conducted to
understand the Li* solvation behavior of the new OS solvents.

Top performing HV formulations are tested in 5V LNMO pouch cells (13 layers, 200-300
mAh) at ANL. The pouch cell analysis focuses on cycling stability and pouch swelling.



Technical Accomplishment: Fundamental Mechanistic

Studies of New Electrolyte Materials

* OS solvents shows excellent oxidative stability in Pt reference
system with a wider electrochemical stability window and lower
parasitic currents above 4.5V compared to the EC/EMC (3/7, %vV)
carbonate control.

— 12 OS solvents have been synthesized and evaluated.
— 4 0S solvents met the Go/No Go technical metric (see Objectives).

e Additive selection is an important factor in full cell cycling
performance, especially for OS electrolytes. Army Research
Laboratory synthesized and screened ten additives for
performance improvement. Five additives were shipped to
Silatronix for evaluation.



Technical Accomplishment : Preliminary Screening of OS

All OS solvents provide
significantly higher flash
points than carbonate
control, with good
conductivity and viscosity
in electrolyte blends.

Select OS3 Family Solvents
(Similar functional group to
0S3, with great voltage

Solvents
— — B——
OS Solvents vs Control: Physical Properties
Electrolyte Properties
oS Neat Solvent Properties | (W/1M LiPF) at 30 °C
No co-solvent
Dielectric Flash Density | Conductivity | Viscosity
E((I;E;/)IC 22.1 <30 1.10 10 3.1 )
0S3 16.8 82 0.93 2.8 8.0
OS3a 18.2 78 1.09 3.5 7.9
0OS3b 15.7 94 0.91 1.9 10.3 stability)
0OS3c 17.9 98 1.03 2.3 115 |-
0s3d TBD | 180 | 1.1 TBD — Solidat 30°C
OS4a 7.3 68 0.97 1.53 6.09
OS4b 6.6 76 1.11 0.43 7.92

} OS Solvents with different
functional group than 0S3



Technical Accomplishment : LSV of OS3 Family Solvents

= Siatronix8

o RF LSV (Linear Scan Voltammetry) of OS3 Family Solvents
X _0._CFoH y y
HOJJ"D"HCFa HF,C FX ’ and Controls at Pt Electrode (OCV to 8 V).
FEMC HFE All electrolytes with 1M LiPF, salt.
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e Voltage stability: OS3 > Fluorinated Control > Carbonate Control
* All OS3 family solvents show higher breakdown voltages than controls.




Technical Accomplishment: Floating Tests of OS3 and
Controls
T T SilatronixE

Floating Test of OS3 Family Solvents and Controls at Pt Electrode
(4.5-6.5 'V, 10 min at each voltage. Test Condition: 30°C)

1 1

0.0 | EC/EMC=3/7 with 1M LiPF, 0o | 100% 0S3 with 1M LiPF, Carbonate control
_ 08 : 08 2 ) )
Tos| € T, | 30 displays much higher
o6 Eoe parasitic current values
Z 0.5 F05 .
2 6.5V | £ . 6.5V than OS3 at higher
%03 SOV | L o.ov voltages.
E 55V | & 5.5V
hell 5.0V 0.1 50V |—

‘-n_.____—
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016 FEMC/FEC/HFE=6/2/2 ot 0 . ]
%o with 1M LiPF, 'EU:M 100% 0S3 with 1M LiPF,
%oxz 30 °C 6.5V f,.| 30°C - Fluorinated electrolyte
£ o 6.0V £ o1 GOV | displays higher floating
& 0.08 S0 :
£ o ggz B 5.5V current values than 0S3
S o0 % 004 5.0V at higher voltages.
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Technical Accomplishment: Electrochemical Behavior of

0OS3 Family Solvents

X Si‘OTI‘OﬂiX L
LSV and Floating tests of OS3 Family Solvents at Pt Electrode (all with 1M LiPF;)
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* Four OS3 family solvents satisfied the Go/No-Go Metric #1 (breakdown potentials >
6V at 30°C with LiPF) and are good candidates for HV systems.
* The floating currents of these 0OS3 family electrolytes satisfied Go/No-Go Metric #2

(50°C parasitic current <0.02 mAh/cm? at 6V).

11



Technical Accomplishment: Floating Tests in Fluorinated
Electrolytes (LNMO/Li Half Cell)

= Siatronixs

Cathode half cells (LNMO/Li) are cycled at C/20 for 2 cycles (3.5-4.9 V) and C/2 for another 10
cycles (3.5-4.9 V), then charged at C/20 again to 4.9V, hold for 10h at each voltage until 5.2V.

0.5 0.5
(Li/LNMO Half Cell)  —emc/ec=7/3 Li/LNMO Half Cell) — - ..
Emcree/ nd ) —ewceeas « Similar current observed when
0.4 EMC/FEC=7/3 0.4 —FEMC/FEC/HFE=6/2/2
_ —FEMC/FEC/HFE=6/2/2 | || —FEMC/FEC=7/3 replacing FEC with EC in
< —FEMC/EC/HFE=6/2/2 < | — - .
Eos gos N \CIFECIArE6/2/2 fluorinated electrolytes. EC
£02 £0. can be applied in the
o o .
os I #9v | sov | sav | sav s Il 40V | sov | sav | s2v fluorinated system to enhance
= overall conductivity and cell
0 —_— 0 performance.
150 160 170 180 190 200 150 160 170 180 190 200
Time (howr) rime (hour) « FEMC/FEC showed a similar
0.5 0.5
Li/LNMO Half Cell —EMC/EC=7/3 (Li/LNMO Half CEII)—EMCIEC=7,{'3 Current to FEMC/FEC/H FE'
0a L —FEMC/FEC/HFE=6/2/2 04 | —FEMC/FEC/HFE=6/2/2 oy
—O0S3/FEMC/FEC/HFE=2/4/2/2 —FEMC/FEC/0S3=6/2/2 * Addition of OS3 to the
%‘0_3 —O0S3/FEMC/FEC/HFE=4/2/2/2 %‘0_3 —EMC/FEC/HFE/0S3=4/2/2/2 fluorinated control lowers
£ £ parasitic currents above 5.1 V.
£ S0.2 . . .
© ©  FEMC is more compatible with
04 OS3 compared to EMC.
0 e — ——
150 160 170 180 190 200 150 160 170 180 190 200

Time (hour) Time (hour)
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Technical Accomplishment: Cycling Tests in OS containing

Electrolytes (LNMO/graphite Full Cell)
e Silatronix E

Cycled at C/20 for 2 cycles and C/2 for 10 cycles * Low OS3 electrolytes (2% or 5%) show greater

at 30°C, then 50 cycles at 55°C with C/2. capacity retention compared to the control after

Voltage Window: 3.5-4.9 V. 50 cycles at 55°C. Higher OS3 concentrations
(20% or 60%) result in greater capacity
degradation.

28

* 0S3c (2% or 5%) performs similarly to 0OS3..
* Both low OS3 and OS3c concentration electrolytes

24
2.2
2

city/mAh

1.8

5o Lt / were selected for 15t pouch cell build.
1.2 y %v . .
K os3/Ec/EmC (213068, %v)  * OS3d, OS4a and 0OS4b show improved capacity
" 0 OS3/EC/EMC (21216, %v) retention compared to the carbonate control and
02 with 0. i and 0. i o . L. .
0 2 4 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 4004?34‘:E45CI48Egc52(65!25{52;8A:OV)52 684 WIIl be Optlmlzed for 2nd pOUCh Cell bUIId'
Cycle no.
“ EC/EMC: (3/7 - EC/EMC:3/7
: o os3c/EC/EMC:2/30/68 : oEE
N J07C 55 °C 0S3¢/EC/EMC:5/30/65 g 30°C s iy oo
O e 0 0 0 i 1 '
5o i =
:: 0-; All with 0.1 M LiBOB and 0.1 M LiDFOB
o All with 0.1 M LiBOB and 0.1 M LiDFOB i

0.2

0.2

© 2 4 6 B 10 12 14 16 18 20 22 24 26 I8 30 32 34 36 3B 40 42 44 46 4§ S50 52 54 56 5B 60 62 64

0 2 4 6 8 10 12 14 16 1B 20 22 24 26 28 30 32 M 36 I3 40 42 44 46 45 S0 52 54 56 58 60 &2 &4
Cycle no.

Cyele no.
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Technical Accomplishment: Surface Analysis
(LNMO/graphite full cell)

-_— Silatronix L

Control
(EC/EMC=3/7)

Phota Me. = 55

2% 0S3
(in Control)

2% 0S3c
(in Control)
e Ve i . SEM analysis shows the
Brige surface morphology of
the cathodes is similar

regardless of the

formulation after 50

cycles at 55°C.

2% 0S3
(in Control)

2% 0S3c
(in Control)

A’

10 108 106 104 102 100 98 28

Binding Energy (eV)

XPS surface analysis showed silicon present on
cathode samples after 50 cycles at 55°C with 2%
OS3 and 0S3c electrolytes, indicating that OS
solvents are involved in cathode film formation.

Similar results were obtained for anode samples

after 50 cycles at 55°C, which means OS solvents
also participate in anode SEI formation.

14



Technical Accomplishment: DSC Tests (LNMO/graphite

full cell)
e Silatronix B

* Differential scanning calorimetry of de-lithiated cathode found increasing OS3
concentration decreases the magnitude of primary exotherm.
* Onset temperature is equivalent.

6

Equilibrate at 50°C. Ramp 2°C / min to 400°C

EC/EMC=30/70
OS3/EC/EMC=2/30/68
24 0S3/EC/EMC=5/30/65
OS3/EC/EMC=10/25/65
0OS3/EC/EMC=20/20/60

Heat Flow (W/g)

v v v T v v v T v v v T v v v 1
100 150 200 250 300
Exo Up Temperature (00) Universal V4.5A TA Instruments

15
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Without OS3, FEC is the
strongest solvator in the
FEC/FEMC/HFE electrolyte.

When added, OS3 dominates all
fluorinated solvents for Li*
solvation.

OS3 is a strong competitor for
EC in Li* solvation and OS3-EC
clusters are observed.

20S3-Li* cluster was the
strongest peak in both cases

The Nation’s Premier Laboratory for Land Forces



UNCLASSIFIED 17

@ roEcom  Technical Accomplishment: ESI-MS (Solvation) 4R

Two-solvent clusters: OS3 vs 0S3d vs EC vs EMC normalized to largest peak
SIL: 0S3 or 053d

1 B L Rl _ * Both 0OS3 and OS3d consistently
e sossromiss  coordinate Li* more strongly
go7 NG osiccouspuru o | ox o 055 Formla A than EC or EMC.
206 o ossd FomuaA ®  Clusters of Li* with two solvents
%22 o e were the best represented in
S, = 0S3 Formula C ESI-MS data.
02 I]Dﬂ_n I] ILj ﬂ] @ 0sd Fomu=C 4 0S3d had a larger population of
O':, nﬂ_ OS3d+EMC clusters. In contrast,
2EMC+Li EC+EMC+Li 2EC+LI . EMC+SIL+Li EC+SIL+Li 2SIL+Li OS3+EC WaS the dom|nant 2-
solvent cluster.
09 [
08 r
c07 | 0S3 vs. 0S3d
506 ¢ e 0S3d appears to displace carbonate
E gj solvents more than 0OS3.
Sosl * By comparison, 0OS3d is a stronger Li*
Boo | solvator than OS3 in carbonate
01 | containing electrolytes, even at 4 mol%
0 ' ' 0S3d.
0 0.05 0.1 0.15 0.2 0.25 0.3

Silatronix solvent mol fraction in SIL:EC:EMC

UNCLASSIFIED The Nation’s Premier Laboratory for Land Forces



Technical Accomplishment: NMR Solvation (What can we learn
from binary systems?)

T SilatronixE

NMR chemical shift (0,) changes with chemical environment (Li* coordination).
Normalized NMR chemical shift (S,) calculated to compare strength of coordination.

Sa = [0a(L, M) — 0,(M)]/[0a(L) — 04]

8,(L,M) = shift of solvent A in mixture with salt
5,(M) = shift of solvent A in mixture without salt
O,(L) = shift of solvent A with salt

R = shift of solvent A without salt

Example Data: EC/EMC/OS3 Electrolytes Normalized NMR shift

. Solvent per Li EC EMC 0s3
Ternary Mixtures =g 3 EC EMC | co3 | cH2 | co3 CN | 15N CN
B Low 0S3 0.5 2.5 10 23 26 0.9 0.7 0.6
A 4 (EC+ 0S3) 1.5 2.5 10 23 2.7 11 0.7 0.6
D Equal 053 2.5 2.5 10 23 2.7 13 0.7 0.6
C Excess 0S3 a 2.5 9.7 24 238 15 0.7 0.7

* EC shows same coordination strength in all ternary mixtures — expected due to

constant EC/Li* ratio.

e 0S3 coordination does not vary significantly with OS3 concentration.
* EMC coordination increases with increasing OS3 concentration.

18



Technical Accomplishment: NMR Solvation (What can we learn

from binary systems?) _ _
N Si’OTFOﬂiX L

NMR chemical shift (0,) changes with chemical environment (Li* coordination).
Normalized NMR chemical shift (S,) calculated to compare strength of coordination.

OS3/EC/FEMC OS3/FEC/FEMC
Normalized NMR shift Normalized NMR shift
FEMC (5.8M) | EC(3M) 053 (0.64M) FEMC (5.8M) | FEC (2.7M) 053 (0.64M)
el CO; O, N 15N CN 7/2/1 wol co, Co, CN 15N CN
S 0.7 2.9 0.8 0.9 S 1.0 1.8 1.0 1.2
FEMC(5.0M) _ EC (3M) 053 (1.3M) I FEMC (5.0M) | FEC (2.7m) 053 (1.3M)
6/2/2 (vol) o, o, o 15N CN /2/2 (vol) co, co, N 15N CN
S 0.7 2.8 0.7 0.8 S 1.0 17 0.9 1.2
FEMC (3.3M) | FEC (2.7M) 053 (2.6M)
FEMC(3.3M)  EC(3M) 053 (2.6M) 4/2/4 (vol
4/2/4 (vol) . o, - 15N N /2/4 vol) co, co, N 15N CN
S 0.5 2.0 0.4 0.5 > 1.0 15 0.8 11
At a constant EC concentration (3M), * Solvation in fluorinated blends similar
increasing 0S3 content decreases EC as a function of concentration.
coordination.  FEMC shows no variation with
composition.

 FEC shows reduced Li* coordination
strength as the OS3 content increases.

19



Response to Reviewers Comments

Comment #1: The reviewer suggested to select and optimize the solvents/additives
in full cells.

Response #1: We have focused our evaluation of OS formulations in LNMO/graphite
full cells.

Comment #2: The reviewer commented that more attention should be paid to low-
temperature performance.

Response #2: We are working to optimize HV electrolytes and are using performance
at high temperature as a metric to better provide differentiation in HV performance.
We understand the importance of low-temperature performance for specific
applications, however it is beyond the scope of this development program.

Comment #3: The reviewer noted that there was no explanation of OS structure or
design strategy, and asked about the purity of OS materials.

Response #3: We design and synthesize new materials based upon rational
molecular design, investigation of different functional groups and theoretical
modeling, to achieve the superior oxidative stability required for HV applications.
The purity of OS materials have been checked by NMR and GC, which are above

99.9% for battery testing. 20



Collaboration and Coordination

Siatronix8

Collaborators:

* U.S. Army Research Laboratory (Kang Xu, Project

team member)
e Argonne National Laboratory (Bryant Polzin, Project

team member)

Interactions:

* University of Wisconsin Madison (Facilities Use in
Chemistry Department and UW Advanced Materials

Consortium)
e APS Center at Argonne National Laboratory (XANES

Experiment)

21



Remaining Challenges and Barriers
" SiaotronixE

* The first round of pouch cell tests using EC/EMC control and 3 OS
formulations have been tested at ANL in this quarter. However, all
pouch cells are showing a large amount of gassing and we can not
complete the evaluation of cycling performance in pouch cells.

* To offset this phenomenon, we are investigating the role of both OS
and carbonate solvents in gas generation and optimizing the
composition of the final formulations to reduce gassing and enable
capacity retention testing.

* Additional optimization of the additive package could increase
compatibility with OS solvents and improve capacity retention.

22



Proposed Future Work
T Silatronix B

 Silatronix and ARL will continue to optimize HV electrolyte formulations

* Electrolyte formulations will be developed with select OS solvents and
additives for the 5V LNMO full cell system to address gas generation.

e Additional surface analysis and XANES experiments will be conducted to
investigate the fundamental mechanisms underlying OS performance in the
5V LNMO cell to provide direction for electrolyte optimization.

* Top performing HV electrolyte formulations will be tested in 2nd round
5V LNMO/graphite pouch cells (13 layers, 200-300 mAh) at ANL.

* Based on past experience at ANL for LNMO pouch cells, reduced gassing
has been achieved if the upper voltage cut off is reduced to 4.7 V.

* ANL will conduct the same tests (Formation, Rate Study, HPPC and Cycle
Life) with the new voltage window (3.5-4.7 V) in a second pouch cell build
with additional optimized OS formulations.

* If less gassing is observed after formation and rate tests, a set of pouch cells
may be tested with an upper voltage cut off of 4.8V.

Any proposed future work is subject to change based on funding levels. 23



Summary of Technical Accomplishment

T SilatronixE

0S3 solvent family shows excellent oxidative stability with a wider electrochemical stability
window and lower floating currents above 4.5V compared to controls.

o 12 OS solvents have been synthesized and evaluated.

o 4 0S solvents met the Go/No Go technical metric.

FEMC was identified as a key solvent for high voltage stability compared to EMC by LNMO/Li
half cell floating tests.

Electrolytes with less than 5% OS show comparable or improved HT cycling stability
compared to the EC/EMC (3/7, %v) control. Low OS content electrolytes were chosen for the
1st pouch build at Argonne National Laboratory.

Additive selection is an important factor in full cell cycling, especially for OS electrolytes.
Army Research Laboratory synthesized and screened ten additives for performance
improvement. Five additives were shipped to Silatronix for evaluation.

Surface analysis found evidence that OS solvents participate in cathode and anode surface
layer formation.

DSC tests performed on de-lithiated LNMO cathodes showed that OS3 addition reduces the
magnitude of the primary exotherm without a significant change in onset temperature.

Solvation studies identified OS3 solvents as high-affinity Li* solvents based upon ESI-MS and
NMR spectroscopy measurements. Therefore, they could impact SEI formation.
24
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Electrochemical behavior of OS3d
Y Silatronix B

LSV and Floating tests of 0S3d and OS3 at Pt Electrode, all with 1M LiPF, salt. (Test Condition: 80 °C)

[y

°° EC/EMC=3/7 6.5V
&-..0.8 053 0.16 6 OV
£ o . . .
E;:: 0S3d ﬁg- o1a | 100% OS3d with 1M LiPF, 5 5\
z § 5.0V
E 0.5 ?:.. 0.10
§ 0.4 é 0.08 - 80 °C
g 03 § 006
S 0.2 3 0.0 4___

0.1 0.02 -

0 : . ‘ 0.00 g._= . — —
3 4 5 6 7 8 0 100 200 300 400 500 600

Potential (V vs. Li/Li+) Time (s)

Osfd s solid at 30 °C, LSV was testgc_j at Great oxidative stability below 6 V
80 °C and show better voltage stability during floating tests even at 80 °C
between 5 and 6 V than 0S3 and 8 g :

carbonate control.
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Electrochemical behavior of OS4a and OS4b

_— Si‘OTI’OﬂiX L

LSV and Floating tests of OS4a and OS4b at Pt Electrode, all with 1M LiPFg
salt. (Test Condition: 30 °C)

57T 1
EC/EMC=3/7 °91  EC/EMC=3/7
4 0s3 s 1 0s3 Both OS4a and 0S4b
| 0S4a 071 0OS4a solvents demonstrate a
P S [ osp 0S4b higher breakdown voltage
H E > than carbonate control.
-*E 2 Z 04
3 5 03¢
§ 1 L § 02 |
3 [ All with 1M LiPF, ; f - 3 i
: —_— 0.1 1
0¥ , : ‘ ot ‘ : ‘ ‘
3 4 5 6 7 8 3 4 5 6 7 8
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0.18 0.8 6.5V OS4a shows the highest
016 100% OS4a with 1M LiPF, 6.5V _ 916 | 100% 0S4b with 1M LiPF, 6- oV current response at 5.5V
§ou 6.0V Eou o5y | Similarto 0S3 family
<
E0 5.5V e 30 °C 5.0V solvents and 0S4b shows
P ~ 0.10 . . . .
g0 30 °C 5.0V z increasing floating current

0.08 .08 - (
é o g . with each voltage step
g o S oo | similar to carbonate control.
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